Introduction
Vitamin A (VA) is an essential nutrient needed in small amounts for the normal functioning of the visual system, growth and development, maintenance of epithelial cellular integrity, immune function and reproduction. Severe deficiency of VA is known to produce corneal xerophthalmia, keratomalacia and blindness in children (1) .
In the 1950s and 1960s, an unacceptably high magnitude of xerophthalmic blindness was found in India (2) and in view of this, in 1970, the National Prophylaxis Programme against Nutritional Blindness (NPPNB) due to Vitamin A Deficiency (VAD) was started with the objective of preventing nutritional blindness. Under this programme, young children were given megadose of vitamin A (MDVA) every six months. Each child received five doses of VA before her/his 3 rd birthday (children age 6-11 months, 1 dose of 100,000 IU of VA and in age 12-36 months of age one dose of 200,000 IU of VA every six months) (3).
The NPPNB is still continuing, expanded to all under five children, for two possible objectives: i) Reduction in under five mortality and ii) Prevention of nutritional blindness due to VAD.
An analysis of the data available from NFHS-4 suggests that a very small proportion of deaths are occurring in young children in the age group of 6-59 months. The difference between Under five mortality rate and Infant mortality rate is in the range of one to eight points in different states of the country and hence probably Vitamin A supplementation (VAS) may not have much impact in reducing under five mortality (Table 1 ) (4) . Also,during last 50 years, clinical VAD has declined. Nutritional blindness due to VAD has virtually disappeared due to i) Increases in immunization coverage (leading to decreases in measles) ii) Increases in the use of antibiotics (leading to reduced duration of morbidity due to bacterial respiratory diseases) iii) Increases in use of ORS (leading to prevention of mortality due to diarrhoea) iv) Improved health infrastructure v) Increase in exclusive breastfeeding vi) Improvements in diets of young children vii) A significant reduction in severe forms of protein energy malnutrition (5).
To control VAD, large therapeutic doses are still being administered in developing countries to lactating women and children (6). 
Adverse Effects of MDVA
In this research communication, we would like to share the existing knowledge and evidence with the readers of journal of World Public Health Nutrition Association that there are adverse effects of administration of MDVA which are not known to the health and nutrition functionaries who supervise and or administer MDVA and hence they are unable to identify these adverse effects and report them.
Research on vitamin A toxicity has been primarily carried out in animals. Most studies have been short term and have focussed on acute effects (7) (8) (9) . Many studies are not relevant because they used intramuscular or venous injections of various forms of vitamin A (10-11), which cannot be extrapolated to physiologic conditions in children because injections bypass gastrointestinal effects. MDVA administered to children provides high doses, and is dealt by the body as a toxin, not as a nutrient. Serum levels rise to normal or above normal levels only for 1-3 months (12).
Effect of MDVA on Congenital abnormalities
Congenital abnormalities have been reported amongst pregnant mothers (PMs) The ratio of the prevalence of congenital malformation among the babies born to women who consumed vitamin A supplements of more than 10,000 IU per day to that among the babies whose mothers consumed 5000 IU or less per day was 4.8 (95 % CI, 2.2 to 10.5) (13).
Effect of MDVA on bulging fontanelle
A significant proportion of brain development takes place before 3 years of age. The development of the brain is not complete at birth, and the first 12 months are crucial. The impact of prolonged increased intra-cranial tension on brain development is not known. During infancy billions of brain cells are developing and as many as 6,000 to 10,000 synaptic connections are established between each neural cell, which determines behaviour and overall mental development (14) .
A study conducted in Bangladesh, reported that one hundred and sixty-seven infants received three doses of either 25 000 IU of vitamin A (n=86) or a placebo (n=81) at about 6.5, 11.8 and 17.0 weeks of age. Nine infants (10.5%) supplemented with vitamin A had episodes of bulging of the fontanelle compared with two infants (2.5%) in the placebo group (p < 0.05, chi square test). In total, there were 14 episodes of bulging of the fontanelle, 12 of which occurred in infants supplemented with vitamin A. Thus, the incidence of bulging of the fontanelle was 4.7% following vitamin A supplementation compared with 0.8% with placebo (p < 0.05, chi-square test) (15) .
However, a recent study conducted in Bangladesh reported that general intelligence or memory and motor functions were not affected by antenatal or newborn supplementation with vitamin A. Scholastic performance and aspects of executive function improved with vitamin A supplementation (16) .
Another study was conducted on impact of neonatal vitamin A supplementation on development and growth at 3 y of age. It was found that vitamin A supplementation or a bulging fontanelle had no link with cognitive performance at age 3 years (17).
In India, nearly 22% of births are low birth weight (18) . Subjecting these low birth weight children to repeated episodes of increased intracranial tension could possibly contribute to retarded brain development. Systematic investigations have not been undertaken to assess the impact of bulging fontanelle during infancy on the development of brain.
Effect of MDVA on Respiratory Infection
A meta-analysis of 9 randomised controlled trials enrolling 33,179 children up to 7 years of age who were given mega dose of 100,000 to 200,000 IU of vitamin A with lower respiratory tract infections, concluded that vitamin A supplementation was not helpful for preventing pneumonia, at least in normally nourished children, and might rather worsen the situation; it slightly increased the incidence of respiratory tract infections. The meta-analysis concluded that there is no consistent overall protective effect on the incidence of diarrhoea (19) .
Another study conducted amongst children reported that vitamin A administration was associated with a significant increase in the rate of pneumonia in well-nourished children who received 10,000 IU of vitamin A supplements weekly (20) .
Prolonged high dose administration is known to be toxic. An example is a case study in which a child of 3 year who was administered with 100,000 IU/d for a week and then 50,000 IU/d for 6 months developed ascites with respiratory distress (21).
Effect of MDVA on bone health
Animal studies suggest that vitamin A is a potential antagonist of vitamin D. Massive doses of vitamin A intensifies the severity of bone demineralisation. Increasing amounts of retinyl acetate produce progressive and significant decrease in total bone ash and increase in epiphyseal plate width. Increasing the levels of retinyl acetate abrogates the ability of vitamin D to elevate the level of serum calcium (22) (23) (24) .
A case control study conducted in women of 28-74 years old found that retinol intake was negatively associated with bone mineral density. For every 1 mg (3000 IU) increase in daily intake of retinol, risk for hip fracture increased by 68%. High dietary intake of retinol was considered to be associated with osteoporosis (25) .
Another study conducted amongst postmenopausal women aged 34 to 77 years reported that women in the highest quintile of total vitamin A intake (≥3000mcg/d of retinol equivalents (RE) had a significantly elevated relative risk (RR) of hip fracture (RR, 1.48; 95% confidence interval [CI], 1.05-2.07; P for trend = .003) compared with women in the lowest quintile of intake (<1250mcg/d of RE). This increased risk was attributable primarily to retinol (RR, 1.89; 95% CI, 1.33-2.68; P for trend <0.001 comparing ≥2000mcg/d vs <500mcg/d) (26) .
Animal studies have also reported the importance of vitamin A in the bone remodelling process (27) (28) (29) . Vitamin A deficiency resulted in retarded bone growth, but the most prominent features of hypervitaminosis A was accelerated bone resorption (28) , bone fragility and spontaneous fracture (29) . Toxic doses of retinoids have been reported to produce musculoskeletal symptoms (such as pain, tenderness and stiffness of muscles or joints) and neurological symptoms (including fatigue, headaches and dizziness) that may influence the occurrence of fracture (30) .
Arctic populations who consumed high quantities of preformed vitamin A have reported reduced bone mineral density and increased risk for hip fracture (31) (32) .
Several studies have suggested an association between chronic high intakes of preformed vitamin A and bone loss (26, (33) (34) (35) (36) . Hypercalcemia and elevated alkaline phosphatise, in persons with vitamin A toxicity has been found, suggesting that vitamin A affects bone (6) .
Long term use of vitamin A at doses greater than 50,000 units per day causes hypercalcemia, possibly due to a direct effect on bone (37). The effect of MDVA in children who are stunted and deficient in vitamin D needs to be investigated.
Serious Adverse effects of MDVA Supplementation
In Assam, high dose of vitamin A supplementation to children was administered up to 500,000 IUs to children between one and five years of age. Fourteen children died and 953 children had serious symptoms of vitamin A toxicity and needed hospitalisation (38).
The Way Forward
In India, the universal supplementation of MDVA (200,000 IU) is being undertaken to all children irrespective of their vitamin A status. The RDA of vitamin A for young children is 1333 IU (400 mcg). MDVA provides a dose of vitamin A which is 150 times this RDA. It is thus not a nutritional or physiological dose but a pharmacological dose. Actual and potential adverse effects of giving pharmacological doses of vitamin A to young children, including the majority of children with no signs of deficiency is a cause of concern due attention should be accorded by researchers, health planners and policy makers.
It is a known fact that the thrust for VAS is partly fuelled by international agencies (39), based on the argument that the dietary intake of vitamin A in young children is inadequate and hence MDVA is expected to improve their vitamin A status. We make a plea for careful and meticulous investigation of adverse effects of MDVA administration.
There is a need to generate the evidence on adverse effects of MDVA and we should look for these effects more vigilantly.
A country struggling with economic resources for competing public health programmes should not embark on exercise of universal VA supplementation for which there is poor evidence of functional benefits (reduction in under five mortality and prevention of nutritional blindness) while possibly associated with adverse effects. 
